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PREPOLYMERIZABLE SURFACE ACTIVE
MONOMERS WITH BOTH
FLUORINE-CONTAINING GROUPS AND
HYDROPHILIC GROUPS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Provisional Patent
Application No. 60/977,129 filed Oct. 3, 2007 which 1s 1ncor-
porated by reference herein.

FIELD OF THE INVENTION

The present invention relates generally to reactive
fumaric-, maleic- and itaconic-containing fluorinated pre-
polymers and compositions comprising the prepolymers used

in the manufacture of medical devices. More specifically, the
present invention relates to contact lenses formed from one or
more fluorinated fumaric-, maleic- or itaconic-containing,
prepolymers.

BACKGROUND OF THE INVENTION

Medical devices such as ophthalmic lenses made from
silicone materials have been investigated for a number of
years. Such materials can generally be sub-divided into two
major classes, namely hydrogels and non-hydrogels. Non-
hydrogels do not absorb appreciable amounts of water,
whereas hydrogels can absorb and retain water 1n an equilib-
rium state. Hydrogels generally have water content between
about 15 to about 80 weight percent. Regardless of their water
content, both non-hydrogel and hydrogel silicone medical
devices tend to have relatively hydrophobic, non-wettable
surfaces that have a high affinity for lipids. This problem 1s of
particular concern with contact lenses.

Fumarate- and fumaramide-containing monomers and
compositions comprising the monomers have been developed
to make highly oxygen permeable hydrogels which may be
used to make biomedical devices including contact lenses.
Examples of these fumarate- and fumaramide-containing
monomers and compositions can be found in U.S. Pat. Nos.
5,374,662, 5,420,324, and 5,496,871, the contents of each
being incorporated by reference herein. Because of the polar
character of amide functionality, this class of monomer shows
good compatibility with both hydrophobic monomers such as
tris (trimethylsiloxy) silane (TRIS) and hydrophilic mono-
mers such as N,N-dimethylacrylamide (DMA). These prior
art prepolymers provide silicone hydrogels with excellent
oxygen permeability and mechanical properties. However,
like other silicone hydrogels, they are not wettable enough to
be usetul as continuous wear lenses unless the surface 1s
treated.

Surface structure and composition determine many of the
physical properties and ultimate uses of solid materials. Char-
acteristics such as wettability and lipid deposit resistance are
largely intluenced by surface characteristics. The alteration of
surface characteristics 1s of special significance 1n biotechni-
cal applications where biocompatibility 1s of particular con-
cern. Therefore, those skilled 1n the art have long recognized
the need for rendering the surface of contact lenses and other
medical devices hydrophilic or more hydrophilic. Increasing,
the hydrophilicity of the contact-lens surface improves the
wettability of the contact lenses with tear tluid in the eye. This
in turn improves the wear comiort of the contact lenses. In the
case ol continuous-wear lenses, the surface 1s especially
important. The surface of a continuous-wear lens must be
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designed not only for comiort, but to avoid adverse reactions
such as corneal edema, inflammation, or lymphocyte infiltra-
tion. Improved surface active monomers have accordingly
been sought for preparing contact lenses having improved
surface properties.

SUMMARY OF THE INVENTION

Provided herein are novel polymerizable surface active
monomers with both fluorine-containing groups and amine

groups. The monomers have the structure of formulae (1), (1)
and (III) below.

(D)
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R—t
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Ne=l_
H C—R,
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(1)
C=0C
RI—C/’ \C_Rg
| |
O O
(1ID)
O
[
HzC_C_Rl
/
CH,=—=C

C_R2
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O

wherein R, 1s O—R{ or NH—RI{, Ri1s an alkyl group of 4 to

20 carbon atoms containing fluorine atoms; and R, 1s an
amino-containing alkyl group of 1 to 10 carbon atoms.
A preferred monomer has the following formula (IV):

(IV)

K 0O
F 0
NN
0O
O

Also provided are polymerized monomer mixtures of for-
mulae (I), (II) and (III) and devices comprising polymerized
monomer mixtures comprising monomers ol formulae (1),
(II) and (III).

Also provided 1s a surface modified medical device com-
prising a medical device manufactured from a monomer mix-
ture containing a surface-active fluorinated prepolymer con-
taining an amino group.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a representative synthetic method of making a
prepolymer of the invention herein.
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DETAILED DESCRIPTION OF THE INVENTION

The present invention 1s directed toward reactive fumaric-,
maleic- and 1taconic-containing fluorinated prepolymers for
use with copolymerizable polymeric systems used for bio-
medical devices, especially contact lenses. As used herein,
fumaric refers to a derivative of fumaric acid and can be a
fumarate (an ester), a fumaramide (an amide) or a residue
having both ester and amide functionalities. The fumaric
group 1s a residue of trans-1,2-ethylenedicarboxylate. There-
fore, 1t will be understood that the diastereoisomer of fuma-
rate, maleate, 1s also intended to be included 1n the fumaric-
containing prepolymers of the present mvention. Itaconic
refers to derivatives of itaconic acid and has a similar meaning,
as that of fumaric. In further embodiments of the present
invention, the prepolymers are used to make biomedical
devices and are useiul 1n contact lens formulations which may
be either “soft” or “hard” and which may preferably be hydro-
gels.

The reactive fumaric-, maleic- and itaconic-containing flu-
orinated prepolymers of the present invention have at least
one fumaric, maleic or 1taconic group. Monomer mixes coms-
prising the prepolymers of the present mvention may com-
prise both thermal- and photoinitiators for curing purposes.
The monomer mixes may further comprise at least one hydro-
philic monomer. Further, the monomer mix may additionally
comprise at least one silicone monomer.

When the term “reactive” 1s used herein we refer to the
ability to modity the lens surface through amino groups resid-
ing on the lens surface and available for post treatment of the
lens.

As 1s known 1n the field, certain crosslinked polymeric
materials may be polymernized to form a hard, water-iree,
xerogel. Xerogels are understood to be unhydrated hydrogel
formulations. It was found that such xerogels could be physi-
cally altered to, for example, impart optical properties
through machining, and then be hydrated and retain their
water content.

When the term “polymerization” or “polymerizable” 1s
used herein we refer to the polymerization of the double
bonds or acrylic group of the monomers and prepolymers
with polymerizable unsaturated groups which results 1n a
crosslinked three-dimensional network.

Further, notations such as “(meth) acrylate” or “(meth)
acrylamide™ are used herein to denote optional methyl sub-
stitution. Thus, for example, (meth)acrylate includes both
acrylate and methacrylate and N-alkyl-(meth)acrylamide

includes both N-alkyl acrylamide and N-alkyl methacryla-
mide.

The term “prepolymer” denotes a high molecular weight
monomer containing polymerizable groups. The monomers
added to the monomeric mixture of the present invention may
therefore be low molecular weight monomers or prepoly-
mers. Thus, 1t 1s understood that a term such as “silicone
monomers’” mcludes “silicone prepolymers™ as well as “sili-
cone macromers’ .

The terms “shaped articles for use 1n biomedical applica-
tions” or “biomedical devices or materials™ or “biocompat-
ible materials” mean the hydrogel materials disclosed herein
have physicochemical properties rendering them suitable for
prolonged contact with living tissue, blood and the mucous
membranes.

While the present mnvention contemplates the use of reac-
tive fumaric-, maleic- and 1taconic-containing fluorinated
prepolymers for medical devices including both “hard” and
“soft” contact lenses, the formulations containing the reactive
fumaric-, maleic- and itaconic-containing fluorinated pre-
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polymers of the present invention are thought to be especially
usetul as soft hydrogel contact lenses. As 1s understood 1n the
field, a lens 1s considered to be “soft™ it it can be folded back

upon 1tself without breaking.

A hydrogel 1s a hydrated cross-linked polymeric system
that contains water in an equilibrium state. Silicone hydrogels
(1.e., hydrogels containing —OS1— linkages) are usually pre-
pared by polymerizing a mixture containing at least one sili-
cone monomer and at least one hydrophilic monomer. By the
term silicone, 1t 1s meant that the material 1s an organic poly-
mer comprising at least five percent by weight silicone, pret-
erably 10 to 100 percent by weight silicone, more preferably
30 to 90 percent by weight silicone. Applicable silicone

monomeric units for use i the formation of silicone hydro-
gels are well known 1n the art and numerous examples are

provided 1in U.S. Pat. Nos. 4,136,250; 4,133,641, 4,740,533;
5,034,461 5,070,215, 5,260,000; 5,310,779; and 5,358,995.

Provided herein are novel reactive fumaric-, maleic- and

itaconic-containing tluorinated prepolymers. The monomers
have the structure of formulae (1), (II) and (I1I) below:

(D)
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wherein R, 1s O—R1 or NH—RI, Ri1s an alkyl group of 4 to
20 carbon atoms containing fluorine atoms; and R, 1s an
amino-containing alkyl group of 1 to 10 carbon atoms.

The reactive fumaric-, maleic- and 1taconic-containing flu-
orinated prepolymers of the present invention have at least
one fumaric, maleic or itaconic group.

A preferred monomer has the following formula (IV):

(IV)
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Also provided are polymerized monomer mixtures of for-
mulae (I), (II) and (I1I1) and devices comprising polymerized

monomer mixtures comprising monomers ol formulae (1),
(II) and (III).

Monomer mixes comprising the prepolymers of the
present invention may comprise at least one hydrophilic
monomer. The monomer mixes may further comprise at least
one silicone monomer. Further, the monomer mix may addi-
tionally comprise thermal- and/or photoinitiators for curing,
pPUrposes.

The reactive fumaric-, maleic- and itaconic-containing flu-
orinated prepolymers of the present invention (1.e., reactive
surface active monomers) are prepared according to synthe-
ses well known 1n the art and according to the examples
disclosed herein. The reactive fumaric-, maleic- and 1taconic-
contaiming fluorinated prepolymers of the present invention
are mcorporated 1nto the monomer mix. The relative weight
% of the reactive fumaric-, maleic- and itaconic-containing
fluorinated prepolymers as compared to the total monomer
mix weight % 1s from about 0.01 to about 10%, more prefer-
ably from about 0.1% to about 5%, and most preferably about

0.2% to about 1%.

Examples of hydrophilic monomers include, but are not
limited to, ethylenically unsaturated lactam-containing
monomers such as N-vinyl pyrrolidinone; methacrylic and
acrylic acids; (meth)acrylic substituted alcohols, such as
2-hydroxyethylmethacrylate (HEMA) and 2-hydroxyethy-
lacrylate; and (meth)acrylamides, such as methacrylamide
and N,N-dimethylacrylamide (DMA); vinyl carbonate or

vinyl carbamate monomers such as disclosed 1n U.S. Pat. No.
5,070,215; and oxazolinone monomers such as disclosed 1n
U.S. Pat.No. 4,910,277. Other hydrophilic monomers such as
glycerol methacrylate polyethyleneglycol
monomethacrylate are also useful 1n the present invention.

and

Preferred hydrophilic vinyl-contaiming monomers that
may be incorporated into the hydrogels of the present inven-
tion include monomers such as N-vinyl lactams such as N-vi-
nyl pyrrolidinone (NVP), N-vinyl-N-methyl acetamide,

N-vinyl-N-ethyl acetamide, N-vinyl-N-ethyl formamide,

N-vinyl formamide, with NVP being the most preferred.

Preferred hydrophilic acrylic-containing monomers which
may be mncorporated into the hydrogel of the present inven-
tion 1nclude hydrophilic monomers such as N,N-dimethyl
acrylamide (DMA), 2-hydroxyethyl methacrylate, glycerol
methacrylate, 2-hydroxyethyl methacrylamide, methacrylic
acid and acrylic acid, with DMA being the most preferred.
Other suitable hydrophilic monomers will be apparent to one
skilled 1n the art. The relative weight % of hydrophilic mono-
mer(s) to total weight % of the comonomer mix 1s preferably

from about 5% to 80%, more preferably from about 20% to
70%, and most preferably 20% to 40%.

As mentioned previously, additional silicone monomers
may be present in the monomer mixes with the polymerizable
fumaric-, maleic or itaconic-containing fluorinated prepoly-
mers of the present invention. One preferred class of suitable
s1licone monomers which may be incorporated into a mono-
mer mix with the polymerizable fumaric-, maleic- or 1ta-
conic-containing fluorinated prepolymers of the present
invention are the bulky polysiloxanylalkyl (meth)acrylic
monomers represented by the following Formula (IV):
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(IV)
R¢

Rlﬁ_Si_Rm

Ris O Rig

HyC=—=C— C— X— (CHy)s—D1——O—S1— R

O 0O R ¢

Rlﬁ_Si_Rlﬁ

Ri¢

wherein: X 1s O or NR; R 1s an alkyl group having 1 to 5
carbon atoms; each R, < 1s independently hydrogen or an alkyl
group having 1 to 10 carbon atoms; each R, . 1s independently

a lower alkyl having 1 to 5 carbon atoms or a phenyl group:;
and fi1s 1 or 3 to 10.

Such bulky monomers include methacryloxypropyl tris
(trimethylsiloxy)silane (TRIS), pentamethyldisiloxanylm-
cthylmethacrylate, tris(trimethylsiloxy)methacryloxy pro-
pylsilane, phenyltetramethyldisiloxanylethyl acrylate, and
methylbis(trimethylsiloxy)methacryloxymethyl silane. Fur-
ther preferred classes of silicone monomers which may be
incorporated into a monomer mix with the polymerizable
fumaric-, maleic- or itaconic-containing fluorinated mono-
mers of the present invention are the poly(organosiloxane)
monomers represented by the following formula (V):

(V)
R>3 Ros Rj3

| | |
A-(Ry7) —Si—[0—Si],—O0—Si—(Ry7)-A

R4 Ryg R4

wherein: A 1s an activated unsaturated group, such as an ester
or amide of an acrylic or a methacrylic acid; each R,;-R, . 1s
independently selected from the group consisting of a
monovalent hydrocarbon radical or a halogen substituted
monovalent hydrocarbon radical having 1 to 18 carbon atoms
which may have ether linkages between carbon atoms; R~ 1s
a divalent hydrocarbon radical having from 1 to 22 carbon
atoms and may contain ether or thio linkage; and n 1s O or an
integer greater than or equal to 1. When siloxane-containing
monomers other than the bulky silicone prepolymers are
incorporated into the monomer mix, the weight % of the other
siloxane-containing monomers as compared to the total
monomer mix weight % 1s from about 1% to 60%, more
preferably from about 3% to 50%, and most preferably 5% to
40%.

Hither the silicone monomer, the reactive fumaric-, maleic-
or 1taconic-containing fluorinated prepolymer, or the hydro-
philic monomer may function as a crosslinking agent (a
crosslinker), being defined as a monomer having multiple
polymerizable functionalities. Additional crosslinkers also
may be present in the monomer mix which polymerizes to
form the hydrogel.

Most “known’ crosslinking agents are hydrophobic. When
it 1s desirable for both an acrylic-containing monomer and a
vinyl-containing monomer to be incorporated into the sili-
cone polymer of the present invention, a further crosslinking
agent having both a vinyl and an acrylic polymerizable group
may be used, since these vinyl and acrylic monomers have
differing reactivity ratios and may not copolymerize eifi-
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ciently. Such crosslinkers which facilitate the copolymeriza-
tion ol these monomers are the subject of U.S. Pat. No.
5,310,779, the content of which 1s icorporated herein by
reference. Such crosslinkers are represented by the following
schematic representation:

wherein V denotes a vinyl-containing group having the for-
mula:

R33 R34
\ /
C=C
/ \
R X Y

R3s R3¢
\ /
(==
/ \
v ﬁ R
O

C=C
/ 0\
R4 Q—

wherein R, 1s an alkyl radical derived from substituted and
unsubstituted hydrocarbons, polyalkylene oxide, poly(per-
fluoro) alkylene oxide, dialkyl-capped polydimethylsilox-
ane, dialkyl-capped polydimethylsiloxane modified waith
fluoroalkyl or fluoroether groups; R ;,-R40 are independently
H, or alkyl of I to 5 carbon atoms; Q 1s an organic group
containing aromatic moieties having 6-30 carbon atoms; X, Y,
and 7 are mndependently O, NH or S; v 1s 1, or higher; and a
and s are independently greater than or equal to 0; and a+s 1s
greater than or equal to 1. An example 1s 2-hydroxyethyl-
methacrylate vinyl carbonate or carbamate.

Other crosslinking agents which may be incorporated nto
the silicone hydrogel of the present invention include poly-
vinyl, typically di- or tri-vinyl monomers, most commonly
the di- or tri{imeth)acrylates of dihydric ethylene glycol, tri-
cthylene glycol, butylene glycol, hexane-1,6-diol, thio-dieth-
ylene glycol-diacrylate and methacrylate; neopentyl glycol
diacrylate; trimethylolpropane triacrylate and the like; N,N'-
dihydroxyethylene-bisacrylamide and -bismethacrylamides;
also diallyl compounds like diallyl phthalate and triallyl cya-
nurate; divinylbenzene; ethylene glycol divinyl ether; and the
(meth)acrylate esters of polyols such as triethanolamine,
glycerol, pentaerythritol, butylene glycol, manmitol, and sor-
bitol. Further examples include N,N-methylene-bis-(meth)
acrylamide, sulfonated divinylbenzene, and divinylsulione.
Also usetul are the reaction products of hydroxyalkyl (meth)
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acrylates with unsaturated 1socyanates, for example the reac-
tion product of 2-hydroxyethyl methacrylate with 2-1socy-
anatoethyl methacrylate (IEM). See U.S. Pat. No. 4,954,387

Other known crosslinking agents are polyether-bisure-
thane-dimethacrylates (see U.S. Pat. No. 4,192,827), and
those crosslinkers obtained by reaction of polyethylene gly-
col, polypropylene glycol and polytetramethylene glycol
with 2-1socyanatoethyl methacrylate (IEM) or m-1soprope-
nyl-v,v-dimethylbenzyl 1socyanates (m-TMI), and polysilox-
ane-bisurethane-dimethacrylates. See U.S. Pat. Nos. 4,486,
577 and 4,603,712, Still other known crosslinking agents are
the reaction products of polyvinyl alcohol, ethoxylated poly-
vinyl alcohol or of polyvinyl alcohol-co-ethylene with 0.1 to
10 mol % vinyl 1socyanates like IEM or m-TMI.

The prepolymers of the present invention, when copoly-
merized, are readily cured to cast shapes by methods such as
UV polymerization, use of free radical thermal initiators and
heat, or combinations thereof. Representative free radical
thermal polymerization 1nitiators are organic peroxides, such
as for example acetyl peroxide, lauroyl peroxide, decanoyl
peroxide, stearoyl peroxide, benzoyl peroxide, tertiary butyl

peroxypivalate, peroxydicarbonate, and the commercially
available thermal nitiators such as LUPERSOL® 256, 225

(Atofina Chemical, Philadelphia, Pa.) and the like, employed
in a concentration of about 0.01 to 2 percent by weight of the
total monomer mixture. Representative UV 1nitiators are

those known 1n the field such as, benzoin methyl ether, ben-
zoin ethyl ether, DAROCUR®-1173, 1164, 2273, 1116,

2959, 3331, IGRACURE® 6351 and 184 (Ciba Spec1alty
Chemlcals Ardsley, N.Y.).

In addition to the above-mentioned polymerization 1nitia-
tors, the copolymer of the present invention may also include
other components as will be apparent to one skilled 1n the art.
For example, the monomer mix may include additional colo-
rants, or UV-absorbing agents and toughening agents such as
those known 1n the contact lens art.

The resulting copolymers of this invention can be formed
into contact lenses by the spincasting processes such as those
disclosed 1n U.S. Pat. Nos. 3,408,429 and 3,496,254, static
casting processes such as in U.S. Pat. No. 5,271,875 and other
conventional methods, such as compression molding as dis-
closed 1n U.S. Pat. Nos. 4,084,459 and 4,197,266.

Polymerization of the monomer mix may be conducted
either 1n a spinning mold, or a stationary mold corresponding
to a desired contact lens shape. The thus-obtained contact lens
may be further subjected to a mechanical finishing, as occa-
sion demands. Also, the polymerization may be conducted 1n
an appropriate mold or vessel to give a lens material 1n the
form of a button, plate or rod, which may then be processed
(e.g., cut or polished via lathe or laser) to give a contact lens
having a desired shape.

In certain embodiments, the hydrogels produced by the
present invention are oxygen permeable, hydrolytically
stable, biologically 1nert, and transparent. The monomers and
prepolymers employed 1n accordance with this invention are
readily polymerized to form three-dimensional networks
which permit the transport of oxygen and, 1n certain embodi-
ments, are optically clear, strong and hydrophilic.

The present invention provides materials which can be
usetully employed for the fabrication of prostheses such as
heart valves and intraocular lenses, as optical contact lenses
or as films. More particularly, the present invention concerns
contact lenses.

The present invention further provides articles of manufac-
ture which can be used for biomedical devices, such as, sur-
gical devices, heart valves, vessel substitutes, intrauterine
devices, membranes and other films, diaphragms, surgical
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implants, blood vessels, artificial ureters, artificial breast tis-
sue and membranes mtended to come 1nto contact with body
fluid outside of the body, e.g., membranes for kidney dialysis
and heart/lung machines and the like, catheters, mouth
guards, denture liners, intraocular devices and especially con-
tact lenses.

It 1s known that blood, for example, 1s readily and rapidly
damaged when 1t comes 1nto contact with artificial surfaces.
The design of a synthetic surface which 1s antithrombogenic
and nonhemolytic to blood 1s necessary for prostheses and
devices used with blood.

Although the teachings of the present invention are prefer-
ably applied to soft or foldable contact lenses or like medical
devices formed of a foldable or compressible material, the
same may also be applied to harder, less flexible, lenses
formed of a relatively rigid material such as poly(methyl
methacrylate) (PMMA).

The reactive fumaric-, maleic- and itaconic-containing tlu-
orinated prepolymers useful in certain embodiments of the
present invention may be prepared according to syntheses
well known 1n the art and according to the methods disclosed
in the following examples.

ABBREVIATIONS

NVP 1-Vinyl-2-pyrrolidone

TRIS Methacryloxypropyltris(trimethylsiloxy)silane

HEMA 2-Hydroxyethyl methacrylate

HEMAVC 2-methacryloxyethyl vinyl carbonate

HEMA-TMS 2-Trimethylsiloxyethyl methacrylate trimeth-
ylsilyl

Vazo 64 2,2'-Azobis(2-methylpropionaitrile)

LlJ LlJ Ll

EGDMA Ethylene glycol dimethacrylate
SA 2-[3-(2H-Benzotriazol-2-yl)-4-hydroxyphenyl]ethyl

methacrylate
IMVT 1,4-bis[4-(2-methacryloxyethyl )phenylamino|an-
thraquinone
PFPBAEM 4.,4,5,5,5-pentatluoropentyl t-butylaminoethyl
itaconate
Unless otherwise specifically stated or made clear by 1ts
usage, all numbers used 1n the examples should be considered
to be modified by the term “about™ and to be weight percent.

EXAMPLES

Example 1

Preparation of 4,4,5,5,5,-PENTAFLUOROPENTYL
ITACONIC ACIDE

In an oven-dried 250 ml round bottom flask was added,
under the flushing of dry nitrogen; Itaconic anhydride, 12.236
g (109.16 mmol), methylene chloride 60 ml, acetonitrile 120
ml, 4,4,5,5,5-pentatluoropentanol 19.653 g (110.35 mmol),
concentrated sulturic acid 30 drops. The reaction mixture was
refluxed at 60° C. overnight. After silica gel column purifica-
tion 4.4,5,5,5-pentatluoropentanol itaconic acid was

obtained. The proposed structure was confirmed by NMR and
GC MS etc.

NMR and MS

NMR: 'H: 1.858 ppm, quintuplet; 1.938 ppm, multipl
2,084 ppm, multiplet; 3.344 ppm, singlet; 3.769, multipl
4.176 ppm, triplet; 5.831 ppm, singlet; 6.461 ppm, singl
11.650 ppm, broad:

C: 20.246 ppm, singlet; 25.768 ppm, singlet; 27.696
ppm, triplet; 37.483 ppm, singlet; 63.606 ppm, singlet;
68.096 ppm, singlet; 115.681 ppm, singlet; 116.049 ppm,

et;
et;
el;
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singlet; 131.136 ppm, singlet; 133.359 ppm, singlet; 170.621
ppm, singlet; 171.642 ppm, singlet.

GC MS: predominant peak at 6.3 minute, M™=290, frag-
ments confirm the structure, 161, 130, 113, 85; 47

ESI MS: M/Na*=313.01

Example 2

Preparation of 4,4,5,5,5,-PENTAFLUOROPENTYL
1-BUTY. JAM NO S THYL ITACONATE

To an oven-dried 250 ml three-neck flask under the flush-
ing ol dry nitrogen was added 4.,4,5,3,5,-pentatluoropentyl
itaconic acid 6.5 g (22.399 mmol), anhydrous methylene
chloride, 110 ml, anhydrous THF 6 ml and 1-ethyl-3-(3-
dimethylaminopropyl)-carbodimide (EDC) 4.566 g (23.818

mol). To the stirring solution was added tert-butylamino etha-
nol 2.83 g (24.149 mmol), and stirred at room temperature
over the weekend.

After silica gel column purification about 2.76 g product
was recovered. NMR, GC-MS and ESI-MS and were used for
characterization.

NMR

>C: 20.0 ppm, singlet; 27.9 ppm, triplet; 29.069, singlet;
30.2 ppm, singlet; 37.940 ppm, singlet; 41.3 ppm, singlet
50.492 ppm, singlet; 63.3 ppm, singlet; 66.0 ppm, singlet;
129.1 ppm, singlet; 13.9 ppm, singlet; 166.113 ppm, singlet;
1’70.69 ppm, singlet;

"H: 0.869 ppm triplet, 1,100 ppm, singlet; 1.254 ppm,
singlet; 1.419 ppm, singlet; 1.602 ppm, broad singlet; 1.913-
1.967, multiplet; 2.043-2.132, multiplet; 2.839 ppm triplet;
3.345 ppm, singlet; 4.165 ppm triplet; 4.246 ppm triplet;
5.716 ppm doublet; 6.329 ppm doublet.

ESI MS: M/H"=390.189, M/Na"=412.179
GC MS: predominant peak at 7.5 minute, M™=389

Example 3
Preparation of Urethane Prepolymer

A dry three neck 500 ml round bottom flask was connected
to a nitrogen inlet tube and a reflux condenser. The following
were added to the flask all at once: 1sophorone diisocyanate
(23.149 g, 104.139 mmol); a,m-bis (4-hydroxybutyl)-poly-
dimethylsiloxane (208.54 g, 51.568 mmol); dibutyl tin dilau-
rate (0.690 g); 400 ml methylene chloride. The contents were
refluxed overnight. Diethyleneglycol (4.769 g, 44.940 mmol)
was then added and refluxed overnight again. Then the con-
tents were cooled down to ambient temperature. 1,1" b1 2
naphthol (0.032 g) and 2 hydroxyethyl methacrylate (1.751 g,
13.455 mmol) were added and stirred until the isocyanate
peak at 22.67 cm™" disappeared from IR spectrum of the
product. The solvent was then stripped under reduced pres-
sure to yield liquid product.

Example 4

Preparation of Monomer Mix for Silicone Hydrogel
Lens

The following formulation was used in lens casting, with
the presence of 2 parts of 4,4,5,5,5-pentatluoropentyl t-buty-
laminoethyl 1taconate (PFPBAEM):
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FORMULATION: PARTS BY WEIGHT
Monomer of Ex. 3 53
TRIS 15
HEMA 5
NVP 33
HEMAVC 1
n-Hexanol 10
Vazo 64 0.5
PFPBAEM 2
IMV'T 150 ppm
Total Parts 119.5
Clarity of mix Clear
Lens clarity Clear

Example 5

Manufacturing of Silicone Hydrogel Lenses

The monomer mix of Example 4 was cast into polypropy-
lene molds and cured under UV for 90 minutes. After opening
the mold, 1t was found that 99% (38/59) of lenses stayed with
anterior molds. They were then extracted with 1spropanol and
then placed 1n DI water.

Example 6

Comparative

A formulation, which was the same as that of Example 4
except no PFPBAEM was added. After the same lens casting
process, it was found that 90% (52/58) of lenses stayed with

the anterior half. This suggested that the presence of fluorine
improved the preferential stay of lenses after molds opened.

Example 7
Surface Analysis of Silicone Hydrogel Lenses

Lenses were dried and sent for surface analysis. Contact
angels are measured.

Example 8
Surface Modification of Silicone Hydrogel Lenses

Lenses from Example 4 are placed into glass vials and then
filled with 3% of poly(GM-co-A A) and then autoclaved for 1
cycle. Lenses are then washed with DI water; dried lenses are
then analyzed for contact angles. It 1s found that the contact
angels dropped from about 110° for control to below 90° for
treated.

Contact lenses manufactured using the unique materials of
the present invention are used as customary in the field of
ophthalmology. While there 1s shown and described herein
certain specific structures and compositions ol the present
invention, 1t will be manifest to those skilled in the art that
various modifications may be made without departing from
the spirit and scope of the underlying inventive concept and
that the same 1s not limited to particular structures herein
shown and described except insofar as indicated by the scope
of the appended claims.
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What 1s claimed 1s:

1. A reactive surface active monomer having the structure
below:

2. A polymerizable monomer mixture comprising at least
one monomer of claim 1.

3. The polymerizable monomer mixture of claim 2 wherein
a relative weight % of the polymerizable surface active mono-

mer as compared to the total monomer mix weight % 1s from
about 0.01% to about 10%.

4. The polymerizable monomer mixture of claim 2 wherein
a relative weight % ol the polymerizable surface active mono-

mer as compared to the total monomer mix weight % 1s about
0.1% to about 5%.

5. The polymerizable monomer mixture of claim 2 wherein
a relative weight % ol the polymerizable surface active mono-
mer as compared to the total monomer mix weight % 1s about

0.2% to about 1%.

6. The monomer mixture of claim 2 further comprising at
least one hydrophilic monomer.

7. The monomer mixture of claim 6 wherein the hydro-
philic monomer 1s selected from the group consisting of eth-

ylemically unsaturated lactam-containing monomers, meth-
substituted
alcohols, (meth)acrylamides, vinyl carbonate, vinyl carbam-
ate monomers, oxazolinone monomers, glycerol methacry-

acrylic acids, acrylic acids, (meth)acrylic

late, polyethyleneglycol monomethacrylate and mixtures
thereof.

8. The monomer mixture of claim 2 further comprising at
least one silicone monomer.

9. The monomer mixture of claim 8 wherein the at least one
s1licone monomer 1s a bulky polysiloxanylalkyl (meth)acrylic
monomer.

10. The monomer mixture of claim 8 wherein the at least
one silicone monomer 1s selected from the group consisting
of methacryloxypropyl tris(trimethylsiloxy)silane (TRIS),
pentamethyldisiloxanylmethylmethacrylate, tris(trimethylsi-
loxy)methacryloxy propylsilane, phenyltetramethyldisiloxa-
nylethyl acrylate, methylbis(trimethylsiloxy)methacry-
loxymethyl silane and mixtures thereof.

11. The monomer mixture of claim 2 further comprising a
crosslinking agent.

12. A surface modified medical device comprising a medi-
cal device manufactured from a monomer having the struc-
ture below:
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O

13. The medical device of claim 12 wherein the medical
device has at least one of the property selected from the group

10

15
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consisting of oxygen permeability, hydrolytically stability,
biologically inertness, and transparency.

14. The medical device of claim 12 wherein the medical
device has a three-dimensional networks which permits the
transport of oxygen.

15. The medical device of claim 12 wherein the medical
device 1s an optically clear, strong and hydrophilic medical
device.

16. The medical device of claim 15 wherein the medical
device 1s an ophthalmic lens.

17. The medical device of claim 16 wherein the medical
device 1s a contact lens.

18. The medical device of claim 16 wherein the medical
device 1s an intraocular lens.
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